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Description 

Field of the Invention 

5 This invention relates to mixtures of isocyanate-terminated polyurethane. It further relates to the use of 
such mixtures as adhesives, coatings and sealants. 

Background 

io Isocyanate-terminated, polyurethane prepolymers (sometimes referred to hereinafter as polyurethane 
prepolymers) are desirable in a variety of applications. For example, they can be used in reactive hot melt 
urethane adhesive, coating and/or sealant systems. These hot melt urethane systems are solid at room 
temperature, melt to a viscous liquid when heated to moderate temperatures (82-121 *C), and are applied in 
a molten state. They then cool to a solid state to provide initial bond strength (that is, "green strength"), 

75 and, additionally, cure on contact with ambient moisture to provide their final bond strength. 

A number of reactive urethane hot melt compositions are known. For example, U.S. Patent No. 
3,931 ,077 discloses a reactive hot melt composition comprising (a) a urethane prepolymer prepared from a 
diol selected from ethylene glycol, propylene glycol, 1 ,4-butanediol, 1 ,4-butinediol (sic), polymers thereof, 
and polytetramethylene glycolether (sic), (b) a thermoplastic resin of an ethylene-vinyl copolymer, an 

20 ethylene-acrylic acid copolymer, an ethylene-acrylate copolymer, an atactic polypropylene or a poly- 
(ethyleneterephthalate) linear polymer, and (c) a tackifier. 

U.S. Patent No. 4,352,858 discloses a modified polyurethane adhesive composition comprising an 
isocyanate-terminated prepolymer and a dicarbamate ester which is compatible with the prepolymer and 
which contains two free isocyanate groups. 

25 British Patent No. 2,137,638 discloses a urethane hot melt adhesive composition which comprises' a 
moisture-curable polyurethane formed from a diisocyanate, a substantially linear hydroxy polyester, and a 
monofunctional reactant present in an amount sufficient to react with up to 40 mole percent of the 
isocyanate groups of the product of the prepolymer reaction. 

U.S. Patent No. 4,585,819 discloses a polyurethane hot melt composition which comprises an 

30 isocyanate prepolymer, a thermoplastic polyurethane or polyester and/or a low molecular weight synthetic 
resin selected from the group consisting of ketone resins, hydrogenation products of acetophenone 
condensation resins, and mixtures thereof. 

European Patent Application Publication No. 0 340 906 discloses a hot melt polyurethane adhesive 
composition which comprises a mixture of at least two amorphous polyurethane prepolymers characterized 

35 in that each prepolymer provides a different glass transition point to the composition. 

Commonly owned Taiwanese Patent No. NI-35699 discloses polyurethane hot melt adhesives, coatings 
and sealant systems which employ mixtures of isocyanate-terminated polyurethane prepolymers prepared 
from hydroxy-functional polyesters. These mixtures do not, however, encompass the mixtures of the 
present invention. Moreover, the mixtures of the present invention provide better adhesion to a variety of 

40 substrates, including certain plastic substrates, than do those of the Taiwanese patent 

The compositions of the invention are an improvement over these prior compositions in that they 
achieve adhesion to substrates even though they are 100% reactive systems. Thus, while various adjuvants 
can be added to the compositions of the invention, their addition is unnecessary to the attainment of 
adhesion. 

45 

Summary of the Invention 

It has now been discovered that a blend or mixture of (a) a first crystalline polyurethane prepolymer 
based upon a polyhexamethylene adipate and (b) a second polyurethane prepolymer base upon a poly- 

so (tetramethylene ether) glycol, provides outstanding adhesion to a variety of surfaces including polymeric 
surfaces. Examples of substrates to which the compositions of the invention have adhesion include: 
polymers such as polystyrene, polycarbonate, polyvinyl chloride, acrylonitrile/butadiene/styrene ter- 
polymers, polyester, polymethylmethacrylate, fiber-reinforced plastic, polymer foams, corona-treated or 
primed polyethylene and polypropylene; wood; paper; leather; rubber; textiles; non-woven materials; and 

55 bare and painted metals. 

While prior hot melt systems provide adhesion to a variety of surfaces, it has been discovered that the 
blend of the invention provides excellent adhesion to polystyrene and polymethylmethacrylate, substrates to 
which prior hot melt systems have not provided adequate, if any, adhesion. It has also been discovered that 
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the blend of the invention provides this adhesion when used alone or in combination with other ingredients. 

In accordance with the present invention, there is provided a mixture or blend of isocyanate-terminated 
polyurethane prepolymers which consist essentially of 

(a) from 10 to 90 parts by weight of a first polyurethane prepoiymer which comprises the reaction 
5 product of a polyhexamethylene adipate (sometimes referred to hereinafter as PHA) having a number 

average molecular weight (sometimes referred to hereinafter as Mn) of at ieast 2,400 with a 
polyisocyanate, and 

(b) correspondingly from 90 to 10 parts by weight of a second polyurethane prepoiymer which 
comprises the reaction product of a poly(tetramethy!ene ether) glycol (sometimes referred to hereinafter 

10 as THF) having a Mn of at least 500 with a polyosocyanate. 

wherein the mixture provides an isocyanate group-to-hydroxyl group ratio of greater than 1 . 

As noted, the blend of the invention may be used alone or in combination with other ingredients. Thus, 
for example, one or more additional reactive components such as one or more other isocyanate-terminated 
polyurethane prepolymers may be used in combination with the blend of the invention. Typically, these 
75 other reactive components may comprise up to 60 weight percent of the total composition. Preferably, they 
comprise from 5 to 50 weight percent of the total composition. 

Preferred compositions of the invention provide an adhesion to polystyrene (sometimes referred to 
hereinafter as plastic adhesion value) of at least 3.5 kilonewtons per meter width (kN/m width). The plastic 
adhesion value is determined using a modified version of ASTM D 903. The procedure for determining 
20 plastic adhesion value is set out below on the examples. 

Preferred compositions of the invention also exhibit excellent green strength build-up. That is, these 
c compositions can support a 4.5 kilogram tensile load for at least 120 seconds within five minutes of making 
a bond. Still further, preferred compositions of the invention consistently wet substrates to which they are 
applied and, when tested for adhesion, exhibit essentially no "zip" or "chatter." Zip or chatter indicates that 
25 the adhesive did not wet at least some portions of one of the substrates to which it is applied. As used 
herein, "zip" or "chatter" refers to the property of an adhesive bond to exhibit no peel strength over certain 
portions of a bonded area when tested for the plastic adhesion value according to the procedures described 
herein. 

so Detailed Description of the Invention 

The blends or mixtures of the present invention consist essentially of from 10 to 90 parts by weight of 
the first prepoiymer and, correspondingly, from 90 to 10 parts by weight of the second prepoiymer. 
Preferably, the blends or mixtures consist essentially of from 10 to 80 parts by weight of the first 

35 prepoiymer and. correspondingly, from 90 to 20 parts by weight of the second prepoiymer. More 
preferably, the mixtures consist essentially of from 30 to 60 parts by weight of the first prepoiymer and, 
correspondingly, from 70 to 40 parts by weight of the second prepoiymer. Preferably, the blends exhibit no 
zip or chatter, and exhibit a green strength build-up of, at most, 5 minutes. 

The prepolymers useful herein may be prepared by techniques that are well known in the art. For 

ao example, prepolymers suitable in the invention may be formed by reaction of a mixture of the hydroxy- 
functional polymers and the polyisocyanate in a suitable vessel. Alternatively, the prepolymers may be 
prepared by reacting each of the hydroxy-functional polymers separately with the polyisocyanate followed 
by blending of the resultant prepolymers. Still further, the prepolymers may be prepared by forming one 
prepoiymer and subsequently forming the other prepoiymer or prepolymers in the first. 

45 Typically, the components are mixed at an elevated temperature, using conventional mixing techniques. 
It is preferred to mix the components under anhydrous conditions. Generally, the prepolymers are prepared 
without the use of solvents. 

In any case, the isocyanate equivalents should be present in the reaction mixture in an amount greater 
than that of the hydroxyl equivalents. The equivalent ratio of isocyanate-to-hydroxyl (sometimes referred to 

50 hereinafter as the isocyanate index) is preferably from about 1.2/1 to about 10/1 and especially preferably 
from about 1 .6/1 to 2.2/1 . 

The first and second prepolymers are derived from a polyhexamethylene adipate (PHA) (preferably 1 ,6- 
polyhexamethylene adipate) and poly(tetramethylene ether) glycol (THF), respectively. While Mn of these 
materials is at least 2,750 and 500, respectively, it is preferred that the Mn of each be higher. It has been 
55 discovered that the performance characteristics of the blend or mixture may be enhanced by increasing Mn 
of either or both of the materials. Thus, for example, when a PHA of Mn equal to 2,400 is employed to 
make the first prepoiymer, a THF of Mn equal to at least 2,250 is employed to make the second 
prepoiymer. When the Mn of the PHA is increased to at least 3,000, a THF with an Mn of 1,000 can be 
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used. When Mn of the PHA is 4,500, a THF of Mn of 750 can be employed. 

It should also be noted that combinations of two or more PHAs and/or two or more THFs may be used 

in the preparation of the first and second prepotyrhers. 

PHA typically comprises the reaction product of 1 ,6-hexanedio! and adipic acid, while THF typically is 
5 produced by the cationic polymerization of tetrahydrofuran. However, other monomer materials may also be 

included in the polymerization mixture so as to incorporate them into the resultant polyol. Such modified 

PHAs or THFs are included within the scope of materials useful in preparing the first and second 

prepolymers. Examples of such other monomer materials which may be used to modify PHA include 

neopentyl glycol, ethylene glycol, butanediol, succinic acid and sebacic acid. An example of another 
10 monomer which may be used to modify THF is ethylene oxide. The exact level of "other monomer" utilized 

is not critical to the invention provided it does not negatively affect adhesion. Typically, the other monomers 

comprise up to 50 mole percent of the polymerization mixture. 

It has also been discovered that the crystallinity of the THF is not critical to the invention. Thus, this 

material may be amorphous, partially crystalline, or substantially crystalline. 
75 Examples of commercially available PHAs useful in this invention include LEXOREZ 1130-30P from 

Inoiex Chemical Co., RUCOFLEX 105-37 from Ruco Polymer Corporation, and FORMREZ 66-20 from Witco 

Chemical Company. 

Examples of commercially available THFs useful in this invention include POLYMEG 2000 from Q O 
Chemical, Inc., the TERATHANE series of THFs from DuPont, and "POLYTHF" from BASF Corporation. 
20 The third polyurethane prepolymer is derived from a hydroxy-functional polymer other than PHA or 
THF. This prepolymer may be added for a variety of purposes such as adjusting the set time, green 
strength build-up, tack and final strength, of the resultant mixture. Moreover, the third prepolymer may be a 
single prepolymer or it may be a combination of two or more prepolymers, if desired, to achieve a specific 
result. 

25 The Mn of the hydroxy-functional polymers used to make the third prepolymer is not critical to the 
invention. Thus, a wide range of Mn hydroxy-functional polymers may be employed. Examples of useful 
hydroxy-function polymers in preparing the third prepolymer include polyester (including polylactone) 
polyols, polyalkylene or polyalkylene ether polyols, polyacetal polyols, polyamide polyols, polyesteramide 
polyols and polythioether polyols. 

30 Examples of commercially available polyols useful in preparing the third prepolymer are DYNACOLL 
7380 (a polyester polyol, Mn of 3,740, bydroxyl number of 30, available from Huis America), DYNACOLL 
7130 (a polyester polyol, Mn 3,740, hydroxy! number of 30, available from HGIs America), and LEXOREZ 
3500-30P (a polyester polyol, Mn 3,740, hydroxy! number of 30, available from Inoiex Chemical Co.). 

Polyisocyanates which can be reacted with the hyrdoxy-functional polymers to form the prepolymers 

35 used in the instant invention may be aliphatic or aromatic. Preferably, they are aromatic diisocyanates such 
as diphenylmethane-2,4'-diisocyanate and/or 4,4'-diisocyanate; tblylene-2,4-diisocyanate and -2,6- 
diisocyanate and mixtures thereof (TDI). Other examples include: naphthylene-1 ,5-diisocyanate; triphenyl- 
methane-4,4'4*-triisocyanate; phenylene-1 ,3-diisocyanate and -1 ,4-diisocyanate; dimethy!-3,3'-btphenylene- 
4,4'-di isocyanate; diphenylisopropylidine-4,4'-diisocyanate; bipnenylene diisocyanate; xylylene-1,3- 

40 diisocyanate and xylylene-1 ,4-diisocyanate. 

A list of useful commercially available polyisocyanates is found in the Encyclopedia of Chemical 
Technology , Kirk-Othmer, 2nd Ed., Vol. 12, pp. 46-47, Interscience Pub.. N.Y. (1967). Especially preferable 
isocyanates include diphenylmethane-4,4'-diisocyanate (MDI) and its isomers and mixtures thereof. 

Isocyanate-functional derivative(s) of MDI and TDI may be used, such as liquid mixtures of the 

45 isocyanate-functional derivative with melting point modifiers (e.g., mixtures of MDI with polycarbodiimide 
adducts such as ISONATE 143L. commercially available from Dow Chemical Company); small amounts of 
polymeric diphenylmethane diisocyanates, preferably 10% or less by weight of the total isocyanate 
components, (e.g., PAPI, and the series PAPI 20, commercially available from Dow Chemical Company, the 
MONDUR series of isocyanates commercially available from Mobay Chemical Corp., and RUBIN ATE M, 

50 commercially available from ICI Chemicals, Inc.); and blocked isocyanate compounds formed by reacting 
aromatic isocyanates or the above-described isocyanate-functional derivatives with blocking agents such as 
ketoximes. Such blocked isocyanate-functional derivatives will, for convenience, be regarded herein as 
isocyanate-functional derivatives of MDI and TDI. 

It is preferred that the first and second prepolymers used in the present invention be somewhat 

55 incompatible with one another. 

Even though the first and second prepolymers are preferably incompatible, the resultant blend typically 
does not exhibit macroscopic phasing. Phasing of the blends of the prepolymers can be detected in a 
number of ways. For example, blends which phase demonstrate inconsistent green strength build-up (that 
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is, good build-up sometimes and poor build-up other times) even though the same composition has been 
used. Moreover, blends which phase may also exhibit inconsistent plastic adhesion values. 

In addition to the third prepolymer, other ingredients or adjuvants can be employed with the mixtures of 
the invention to impart or modify particular characteristics to the composition. They should be added only at 

5 a level that does not interfere with the adhesion characteristics of the composition. These adjuvants may 
comprise up to 50 weight percent of the composition either individually or in combination. For example, 
chain-extension agents (e.g., short chain polyols such as ethylene glycol or butanediol) fillers (e.g., carbon 
black; glass, ceramic, metal or plastic bubbles; metal oxides such as zinc oxide; and minerals such as talc, 
clays, silica, silicates, and the like), thermoplastic resins, plasticizers, antioxidants, pigments, U.V. absorb- 

io ers, adhesion promoters such as silanes may be included to modify set time, green strength, build-up, tack 
and flexibility. 

In addition, the compositions of the invention may include an effective amount of catalyst or reaction 
accelerator such as tertiary amines, metal-organic compounds, co-curatives, and the like. An effective 
amount of a catalyst is preferably from about 0.01 to 2 percent by weight of the total prepolymer weight. 
75 More preferably, the catalyst is present at a level of about 0.05 to about 0.5 percent, based on the total 
weight of the prepolymer employed. 

The compositions of the invention achieve their initial, or green strength through crystallization, then 
continue to cure by exposure to water, e.g., water vapor or moisture. High humidity and heat will provide an 
accelerated rate of cure while low humidity (e.g., 15% relative humidity or less) will provide a slower rate of 
20 cure. 

While the compositions of the invention are preferably essentially non-phasing, some separation of the 
prepolymer components is acceptable. Moreover, the degree of phasing can be adjusted by varying any, or 
several, of certain factors. For example, the degree of chain extension of the prepolymers, the molecular 
weight of the hydroxy-functional polymers employed, and the choice of isocyanate all influence phase 

25 separation. For example, as the molecular weight of the PHA decreases, the compatability of the blend 
increases. Additionally, as the isocyanate index ratio decreases, the compatability of the prepolymer 
components increases. Moreover, simply varying the ratios of the prepolymer components influences their 
compatability. Typically, the mixtures of the invention are slightly hazy to translucent. Thus, while they are 
not clear, they do allow light to pass through them when in the molten state. 

30 The following examples are offered to aid understanding of the present invention and are not to be 
construed as limiting the scope thereof. All parts are by weight unless otherwise stated. 

General Preparation of trie Isocyanate-Terminated Polyurethane Prepolymers 

35 4,4'-Diphenylmethane di isocyanate (MDI) was added to a 600 ml, stainless steel reactor fitted with a gas 
inlet adapter and a cover having a rubber gasket, a gas inlet, a stirrer opening, and a stirring rod. The MDI 
was heated to 100*C and melted with efficient stirring under a nitrogen blanket. After the MDI melted, 
polytetramethylene ether glycol (THF) was added to the reactor. The mixture was stirred under nitrogen for 
about 15 minutes. The polyhexamethylene adipate (PHA) was then added to the reactor. Stirring and 

40 heating were continued for about 15 minutes, and then 4,4'-(Oxydi-2,1-ethanediyl) bismorpholine (THAN CAT 
DMDEE, Texaco Chemical Co.) was added. Stirring was continued under vacuum for about 1 hour. Heating 
at 100'C was maintained throughout. The resulting mixture was poured into nitrogen purged metal 
containers and sealed. The containers were stored in a desiccator. 

The reaction between the MDI and each of the THF and PHA was essentially complete. A minor amount 

45 of unreacted ingredients remained, typically less than 3 percent by weight. 

EXAMPLES 1-18 

A series of isocyanate-terminated polyurethane prepolymers were made as described in the General 
so Preparation. Each of the resulting compositions was tested for plastics adhesion using a modified version of 
ASTM D 903. Each blend was individually extruded at 107*C onto the center portion of a 2.5 cm wide by 
10 cm long by 0.3 cm thick piece of isopropanol-wiped rigid polystyrene (Huntsman grade .730). 
Immediately, a 3.8 cm wide by 28.5 cm long piece of canvas was bonded to the polystyrene using a press 
at 0.7 MPa for 1 0 seconds. This was sufficient pressure to force the blend to cover the entire bond area and 
55 squeeze excess composition out of the edges of the bond area. The bonded substrates were then 
conditioned at 25 • C and 50% relative humidity for 7 days. The canvas was then trimmed to 2.5 cm width, 
and the resulting test coupons were tested using an Instron tensile tester at a crosshead speed of 5 cm per 
minute. Plastic adhesion values were measured as the average of high and low readings of four coupons. 
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The compositions of Examples 1-4, 11, 14-15 and 17 exhibited some zip. In these examples, the plastic 
adhesion value was the average of the high and low value for those portions of the bond that did not zip. 

Tables 1 through 3 report the measured plastic adhesion values. In these tables, the reference to all 
concentrations of the prepoiymers are in parts by weight. All concentrations of DMD are as a percentage by 
5 weight of the total weight of the prepoiymers. 

Table 2 shows the effect of varying the Mn of the THF employed. 

Table 3 shows the effect of varying the Mn of the PHA employed. 

Specifically, with reference to Table 1 , the data show that the blends of the invention (Examples 2-7 and 
9-11) have dramatically improved adhesion to plastic over either the use of prepoiymers prepared from a 

w polyisocyanate and either PHA or THF alone. Compare, for example, the plastics adhesion value of 
Example 1 with that of Example 2. The addition of a mere 10% of the second prepolymer to the first 
prepolymer increases the plastic adhesion value by over 68%. Likewise, comparison of Example 7 with 
Example 8 shows that addition of 20% of the first prepolymer to the second prepolymer increases the 
plastic adhesion value by over 2.7 times. 

75 Examples 3-6 and 9-10 further show that the plastic adhesion value is significantly greater over the 
range of mixtures claimed. 

Examples 9-10 also show that the plastic adhesion value remains high even when the isocyanate index 
is increased. 

The data in Table 2 show that increasing the Mn of the THF utilized does not negatively affect the 
20 plastic adhesion value. That is, even the lowest plastic adhesion value is significantly higher than that of 
either of Examples 1 or 8. Furthermore, these values are consistent with those reported in Table 1 for 
Examples 5 and 9-10. 

The data in Table 3 show that increasing the Mn of the PHA does not negatively affect the plastic 
adhesion value. That is, even the lowest plastic adhesion value is significantly higher than that of either of 
25 Examples 1 or 8. Furthermore, these values are also consistent with those reported in Table 1 for Examples 
5 and 9-1 0 and in Table 2. 
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so After being tested for plastic adhesion, the canvas was visually inspected for zip. The results of this 
visual inspection are reported below in Table 4 where the percent non-wetted area indicates zip. Thus, the 
greater the percentage, the greater the zip. 
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Table 4 



1st Prepolymer/ Non-wetted 



Ex 


2nd Prepolyme r 
(Darts bv weicrht) 


MnPHA/MnTHF 
(number average) 


Area 
(%) 


1 

X 


1/0 


3417/1905 


30% 




0 9/01 


3417/1905 


50 


- "3 

3 


0 A /0 2 


3417/1905 


25 


A 


0 7 /0 3 


3417/1905 


14 




0.6/0.4 


3417/1905 


0 




0 4/0 6 


3417/1905 


0 


7 


0.2/0.8 


3417/1905 


0 


8 


0/1 


3417/1905 


0 


9 


0.6/0.4 


3417/1905 


0 


10 


0.6/0.4 


3417/1905 


0 


11 


0.6/0.4 


3417/671 


50 


12 


0.6/0.4 


3417/988 


5 


13 


0.6/0.4 


3417/2841 


0 


14 


0.6/0.4 


2907/988 


20 


15 


0.6/0.4 


2907/1905 


30 


16 


0.6/0.4 


2907/2841 


0 


17 


0.6/0.4 


2907/1905 


30 


18 


0.6/0.4 


5048/1905 


0 



The data show the great ability to reduce the percent of non-wetted area by changing the Mn of either 
or both of the PHA and THF used to make the first and second prepolymers used in the mixture. Thus, at a 
given Mn for either component, increasing the Mn of the other generally reduces the non-wetted area. 
Examples 14 and 15 have essentially equivalent non-wetted areas. 

The compositions of Examples 1-18 were also tested to determine their green strength build-up. This 
property was measured as follows. A 0.5 ± 0.05 g quantity of the composition was extruded at 107'C onto 
the center portion (about 5 cm from each end) of a 2.5 cm wide by 10 cm long by 0.8 cm thick piece of 
Douglas Fir. A timer was started. After 10 seconds, a second piece of Fir was bonded on its center point 
and at right angles to the first. Firm hand pressure was used to mate the surfaces and squeeze excess 
composition from the bond line. At various intervals, a 4.5 kg tensile load was pneumatically applied to the 
6.45 sq. cm bond area. The length of time that was required for the bond to support the 4.5 kg load for at 
least 120 seconds was then recorded as the green strength build-up. Longer times indicate poorer green 
strength build-up. 
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The results of these tests are reported in Table 6. 



Tabl e 6 

5 







1st Prepolymer/ 




Green Strength 






2nd Prepolymer 


MnPHA/MnTHF 


Build-Up 


10 


Ex 


(parts by weight) 


(number average) 


(min) 




1 


1/0 


3417/1905 


1.3 




2 


0.9/0-1 


3417/1905 


1.4 


15 


3 


0.8/0.2 


3417/1905 


1.4 




4 


0.7/0.3 


3417/1905 


1.5 




5 


0.6/0.4 


3417/1905 


2.1 




6 


0.4/0.6 


3417/1905 


3.6 


20 


7 


0.2/0.8 


3417/1905 


6.1 




8 


0/1 


3417/1905 


>10 




9 


0.6/0.4 


3417/1905 


2.8 


25 


10 


0.6/0.4 


3417/1905 


2.9 




11 


0.6/0.4 


3417/671 


6.9 




12 


0.6/0.4 


3417/988 


3.5 




13 


0.6/0.4 


3417/2841 


1.4 


30 


14 


0.6/0.4 


2907/988 


. 5.8 




15 


0.6/0.4 


2907/1905 


2.4 




16 


0.6/0.4 


2907/2841 


1.9 


35 


17 


0.6/0.4 


2907/1905 


2.4 




18 


0.6/0.4 


5048/1905 


1.4 



These data show that increasing the Mn of the THF or the PHA alone, or increasing the Mn of both PHA 
40 and THF at the same time, improves the green strength build-up of the composition. The data also show 
that varying the weight ratio of the first prepolymer to the second prepolymer affects green strength build- 
up. 

EXAMPLES 19-25 

45 

The blend of Example 18 was tested for adhesion to various substrates according to the procedure 
described above for determining plastic adhesion except that the type of substrate was varied. The results 
of these tests are set forth in Table 7. 

50 
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Table 7 



Adhesion 

Ex Substrate kN/m width 

19 Polycarbonate 

(isopropanol wiped) 10.5+ 

20 Fiber reinforced plastic 

(methyl ethyl ketone-wiped ) 10.5+ 
22 Abraded polyvinyl chloride 10.7 
22 Acryloni trile/butadiene/ 
styrene ter polymer 

(isopropanol-wiped) 10.5+ 

2 3 Polymethylmethacrylate 

(isopropanol-wiped) 13.3 

24 Polystyrene (isopropanol- 
wiped) 10 

,25 Abraded cold rolled steel 

( isopropanol-wiped) 11 

These bonds each exhibited 100% bonding (0% unbonded 
area). The "+ M signifies that the canvas tore before the 
bond failed totally. 



EXAMPLES 26-28 

Compositions according to the invention were prepared which employed a third prepolymer. The 
general preparation was employed as set forth above except that after the PHA had been reacted with the 
MDI, the polyol employed for the third prepolymer was charged to the reactor. 

The resulting compositions were then tested for plastic adhesion as described in Examples 1-18. Table 
8 reports the results of these tests. The references to concentrations of prepolymers are in parts by weight. 
The reference to DM D is in percentage by weight of the total weight of the prepolymers. 
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55 COMPARATIVE EXAMPLE 

The adhesion of the blend of Example 18 to rigid polystyrene was compared to that of a variety of 
commercially available moisture curing hot melt adhesives. The adhesion test was performed as described 
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above for determining plastic adhesion except that the type of composition varied. The results of these tests 
are set forth in Table 9. 

Table 9 



Composi tion 
Ex. 18 

JET-WELD 3876 from 3M Co. 
SUPERGRIP 9601 from Bostik- 

Tucker GmbH 
SUPERGRIP 9704 from Bostik- 

Tucker GmbH 
CURATHANE 1 4 OA from Swift 

Adhesi ves 
HQR 3450 from Henkel Corp. 



Adhesion 
kN/m width 
10 
0 

0 

0 

0 
0 



25 

Claims 

1. A mixture of isocyanate-terminated polyurethane prepolymers consisting essentially of 

(a) from 10 to 90 parts by weight of a first polyurethane prepolymer comprising the reaction product 
30 of a polyhexamethylene adipate (PHA) having a number average molecular weight (Mn) of at least 

2,400, with a polyisocyanate, and 

(b) correspondingly from 90 to 10 parts by weight of a second polyurethane prepolymer comprising 
the reaction product of a poly(tetramethylene ether) glycol (THF) having a number average 
molecular weight (Mn) of at least 500 with a polyisocyanate, 

35 wherein the mixture has an isocyanate group-to-hydroxyl group ratio greater than 1. 

2. A mixture according to claim 1 wherein said PHA has an Mn of at least 2,400 and said THF has an Mn 
of at least 2,250. 

40 3. A mixture according to claim 1 wherein said PHA has an Mn of at least 3,000 and said THF has an Mn 
of at least 1 ,000. 

4. A mixture according to claim 1 wherein said PHA has an Mn of at least 4,500 and said THF has an Mn 
of 750. 

45 

5. A mixture according to claim 1 consisting essentially of from 10 to 80 parts by weight said first 
prepolymer and correspondingly from 90 to 20 parts by weight of said second prepolymer. 

6. A mixture according to claim 5 consisting essentially of from 10 to 60 parts by weight of said first 
so prepolymer and correspondingly from 90 to 40 parts by weight of said second prepolymer. 

7. A mixture according to claim 6 wherein said PHA has an Mn of at least 4,500 and said THF has an Mn 
of at least 750. 

55 8. A moisture curable, hot melt composition comprising a mixture according to claim 6 and further 
comprising 

(c) up to 2 percent by weight based upon the total weight of part (a) plus part (b) of a catalyst, and 
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(d) up to 60 weight percent of said hot melt composition of one or more third isocyanate-terminated 
polyurethane prepolymers which comprises the reaction product of a hydroxy-functional polymer 
other than PHA or THF and a polyisocyanate," 
wherein said composition has an isocyanate index of greater than 1 . 

5 

9. An article comprising a first polymeric substrate bearing a layer of said composition according to claim 
8 thereon. 

10. A composition according to claim 8 having a plastic adhesion value determined using a modified 
10 version of ASTM D 903 of at least 3.5 kilonewtons per meter of width (kN/m width). 

Patentansprtiche 

1. Mischung von Isocyanat-terminierten Polyurethan-Prepolymeren, im wesentlichen bestehend aus: 

75 (a) 10 ... 90 Gewichtsteilen eines ersten Polyurethan-Prepolymers, umfassend das Reaktionsprodukt 

eines Polyhexamethylenadipats (PHA) mit einer zahlengemittelten relativen MolekOImasse (M n ) von 
mindestens 2.400 mit einem Polyisocyanat, und 

(b) dementsprechend 90 ... 10 Gewichtsteilen eines zweiten Polyurethan-Prepolymers, umfassend 
das Reaktionsprodukt eines Poly(tetramethytenethe'r)glykols (THF) mit einer zahlengemittelten relati- 

20 ven MolekGlmasse (M n ) von mindestens 500 mit einem Polyisocyanat. worin die Mischung ein 

Verhaltnis von Isocyanatgruppe zu Hydroxylgruppe von grofler als 1 aufweist. 

2. Mischung nach Anspruch 1 , bei welcher das PHA ein M n von mindestens 2.400 und das THF ein M n 
von mindestens 2.250 haben. 

25 

3. Mischung nach Anspruch 1 , bei welcher das PHA ein M n von mindestens 3.000 und das THF ein M n 
von mindestens 1.000 haben. 

4. Mischung nach Anspruch 1 , bei welcher das PHA ein M n von mindestens 4.500 und das THF ein M n 
30 von 750 haben. 

5. Mischung nach Anspruch 1, im wesentlichen bestehend aus 10 ... 80 Gewichtsteilen des ersten 
Prepolymers und dementsprechend 90 ... 20 Gewichtsteilen des zweiten Prepolymers. 

35 6. Mischung nach Anspruch 5, im wesentlichen bestehend aus 10 ... 60 Gewichtsteilen des ersten 
Prepolymers und dementsprechend 90 ... 40 Gewichtsteilen des zweiten Prepolymers. 

7. Mischung nach Anspruch 6, bei welcher das PHA ein M n von mindestens 4.500 und das THF ein M n 
von mindestens 750 haben. 

40 

8. Feuchthartende Schmelzklebstoffzusammensetzung, umfassend eine Mischung nach Anspruch 6 und 
ferner aufweisend: 

(c) bis zu 2 Gewichtsprozent eines Katalysators, bezogen auf das Gesamtgewicht von Teil (a) plus 
Teil (b) sowie 

45 (d) bis zu 60 Gewichtsprozent der Schmelzklebstoffzusammensetzung von einem oder mehreren 

dritten Isocyanat-terminierten Polyurethan-Prepolymeren. die das Reaktionsprodukt eines anderen 
Hydroxy-funktionellen Polymers aufweisen als PHA Oder THF, sowie ein Polyisocyanat, 
wobei die Zusammensetzung einen Isocyanat-index von groBer als 1 hat. 

50 9. Artikel, umfassend ein erstes polymeres Substrat, das eine Schicht der Zusammensetzung nach 
Anspruch 8 darauf aufweist. 

10. Zusammensetzung nach Anspruch 8 mit einer Kunststoff-Adhasionszahl von mindestens 3,5 Kilonewton 
pro Meter Breite (kN/m Breite), die unter Anwendung einer modifizierten Version von ASTM D 903 
55 bestimmt wird. 
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Revendications 

1. Melange de prepolymferes de polyurethane a'terminaison isocyanate constitue essentiellement de 

(a) 10 a 90 parties en poids d'un premier prepolymere de polyurethane comprenant le produit de la 
s .reaction d'un adipate de polyhexamethylene (PHA) ayant un poids moleculaire moyen en nombre 

(Mn) d'au moins 2400, avec un polyisocyanate, et 

(b) de fagon correspondante, de 90 a 10 parties en poids d'un second prepolymere de polyurethane 
comprenant le produit de la reaction d'un poly(t6tram6thylene ether)g!ycol (THF) ayant un poids 
moleculaire moyen en nombre (Mn) d'au moins 500 avec un polyisocyanate, 

io ou le melange a un rapport groupes isocyanate-groupes hydroxyle supeVieur a 1. 

2. Melange selon la revendication 1 dans lequel ledit PHA a un Mn d'au moins 2400 et ledit THF a un Mn 
d'au moins 2250. 

75 3. Melange selon la revendication 1 dans lequel ledit PHA a un Mn d'au moins 3000 et ledit THF a un Mn 
d'au moins 1000. 

4. Melange selon la revendication 1 dans lequel ledit PHA a un Mn d'au moins 4500 et ledit THF a un Mn 
de 750. 

20 

5. Melange selon la revendication 1 constitue essentiellement de 10 a 80 parties en poids dudit premier 
prepolymere et de fagon correspondante de 90 a 20 parties en poids dudit second prepolymere. 

6. Melange selon la revendication 5 constitue essentiellement de 10 a 60 parties en poids dudit premier 
25 prepolymere et de facon correspondante de 90 a 40 parties en poids dudit second prepolymere. 

7. Melange selon la revendication 6 dans lequel ledit PHA a un Mn d'au moins 4500 et ledit THF a un Mn 
d'au moins 750. 

30 8. Composition de masse en fusion a chaud durcissable a I'humidite comprenant un melange selon la 
revendication 6 et comprenant en outre 

(c) jusqu'a 2% en poids , sur la base du poids total de la partie (a) ajoutee a la partie (b), d'un 
catalyseur, et 

(d) jusqu'a 60% en poids de ladite composition de masse en fusion a chaud, d'un ou plusieurs 
35 troisieme(s) prepolymere(s) de polyurethane a terminaison isocyanate qui comprend (comprennent) 

le produit de la reaction d'un polymere a fonction hydroxy autre que PHA ou THF et un 
polyisocyanate. 
ou ladite composition a un indice d'isocyanate superieur a 1 . 

40 9. Article comprenant un premier substrat poiymerique portant une couche de ladite composition selon la 
revendication 8. 

10. Composition selon la revendication 8 ayant une valeur d'adherence au plastique, determinee en 
utilisant une version modifiee d'ASTM D903, d'au moins 3,5 kilonewtons par metre de largeur (kN/m de 
45 largeur). 
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